Introduction
Fusarium wilt of melon (Cucumis melo L.), which is caused by Fusarium oxysporum Schlechtend.: Fr. f. sp. melonis (Leach & Currence) W. C. Snyder & H. N. Hans., is regarded as a severe disease worldwide (Elena and Pappas, 2006; Kurt et al., 2002; Namiki et al., 1998; Zuniga et al., 1997) . Once the disease colonizes a field, the pathogen survives in the soil because crop residues and roots of most crops grown in rotation with melon increase these persistent pathogenic populations (Banihashemi and Dezeeuw, 1975; Gordon et al., 1989; Zuniga et al., 1997) . Resistant cultivars are effective for controlling such soil-borne diseases in melon. Risser et al. (1976) defined four races (0, 1, 2, and 1,2) based on the pathogenicity to three cultivars of melon: 'Charentais T', 'Doublon', and 'CM17187'. Race 1,2 was further subdivided into race 1,2y, which induces yellowing symptoms before plant death, and race 1,2w, which induces wilting and death without yellowing symptoms. Resistance to races 0, 1, and 2 is monogenic and dominant. The Fom-1 gene, originally identified in melon cultivar 'Doublon', confers high resistance to races 0 and 2, whereas the Fom-2 gene, originally identified in melon cultivar 'CM17187', confers high resistance to races 0 and 1 (Risser et al., 1976) . To date, many resources of high resistance to race 0, 1, and 2 have been reported (Álvarez et al., 2005) , and are already present among commercial F 1 hybrids; however, in races 1,2w and 1,2y, no gene that confers high resistance has been identified, although partial resistance has been found in the far-eastern line 'Ogon-9' and introgressed into 'Isabelle', a partially resistant cultivar (Perchepied 415 and Pitrat, 2004) and in a few European accessions (Chikh-Rouhou et al., 2007; Oumouloud et al., 2009) . Recently, melon cultivar 'BIZ' was reported to have two recessive genes that confer partial resistance to race 1,2 (Herman and Perl-Treves, 2007) ; however, the fungal strains were not identified using general test lines. For that reason, the pathogenicity of the inoculum could not be identified as that arising from race 1,2w, 1,2y, or any other race.
Wild Cucumis species have been reported as genetic resources with resistance to some diseases and pests of melon; for example, resources that are useful against root-knot nematode, gummy stem blight (Igarashi et al., 1987) , Cucumber green mottle mosaic virus (CGMMV), downy mildew (Pan and More, 1996) , and powdery mildew (Álvarez et al., 2005; Lebeda, 1984; Pan and More, 1996) ; however, little information is available in relation to the resistance to fusarium wilt (Álvarez et al., 2005; Pan and More, 1996; Trionfetti-Nisini et al., 2002) . If wild Cucumis species have high resistance to fusarium wilt race 1,2y, then they would be a useful genetic resource to breed a resistant melon cultivar because no set of highly resistant cultivars and genetic resources to race 1,2y has been found: therefore, exploration of the genetic resources for race 1,2 high resistance includes wild relatives, and their utilization is becoming more important. This study was designed as a search for novel sources of high resistance to race 1,2y among wild Cucumis collections.
Materials and Methods

Fungal strain
The fungal strain used for inoculation was Fom142-S1, isolated from melon plants with typical fusarium wilt symptoms in Ibaraki prefecture (Japan).
Plant material
This study evaluated 76 accessions belonging to 11 wild species of the genus Cucumis obtained from Germplasm Resources Laboratory (USDA, ARS, USA) and the National Institute of Vegetable and Tea Science, Japan. For race classification of the fungal strain Fom142-S1, four differential melon cultivars, 'Charentais T', 'Doublon', 'CM 17187', and 'Isabelle' were used, as obtained from the Institut National de la Recherche Agronomique (INRA), France.
Artificial inoculation of melon cultivars and wild
Cucumis species The fungal strain Fom142-S1 was cultured in 100 mL potato dextrose broth (PDB) in 300 mL flasks on a rotary shaker (ca. 120 rpm) for one week at 25°C. The culture was passed through two-ply gauze. The spore concentration was determined using a haemocytometer and adjusted to the appropriate density by dilution with sterile distilled water. For artificial inoculation, seeds of the tested plants were sown into garden soil in plastic trays and grown in a growth chamber at 26-30°C. Seedlings with a fully expanded first true leaf were removed from the soil. Their roots were washed in tap water and dipped in a conidial suspension (10 7 spores/mL) of Fom142-S1 for 15 s. Inoculated seedlings were transplanted to the garden soil in new plastic pots and cultivated in a growth chamber at 23°C (16 h photoperiod). For melon cultivars, 5-15 plants were inoculated at one time. For wild Cucumis species, the inoculation was replicated two or three times, and 5-10 plants per replication were inoculated.
Disease index evaluation
The resistance to fungal strain Fom142-S1 of wild Cucumis species and melon was evaluated 21 days after inoculation according to a 0-3 disease severity scale (0 = no symptoms, 1 = beginning of yellowing symptoms on leaves, 2 = leaves strongly affected, 3 = plant death) (Fig. 1) . The disease index (DI) was calculated from the disease severity using the following formula: DI = summation of (disease severity × number of plants in that disease severity) × 100/(3 × total number of plants). When no plant from one accession showed any symptoms in all replications (DI = 0), the accession was classified as highly resistant. When more than one plant among an accession showed some symptoms and the DI of the accession was less than 'Isabelle', which has been reported as a partially resistant cultivar (Perchepied and Pitrat, 2004) , the accession was classified as partially 
Results
Race classification of the fungal strain Fom142-S1
For race classification of the fungal strain Fom142-S1, we used the race classification system reported previously (Perchepied and Pitrat, 2004; Risser et al., 1976) . The disease severities of the race differential melon cultivars were scored 21 days after inoculation and the DI was calculated. Almost all seedlings of 'Charentais T', 'Doublon', and 'CM 17187' died within 21 days after inoculation. Their symptom was yellowing; therefore, these were classified as susceptible. Some 'Isabelle' seedlings showed yellowing without death at 21 days after inoculation; their DI was 20.0 (Table 1) . According to previous reports, 'Charentais T' is susceptible to all races, 'Doublon' has high resistance to races 0 and 2, 'CM 17187' has high resistance to races 0 and 1, and 'Isabelle' has partial resistance to race 1,2 (Perchepied and Pitrat, 2004; Risser et al., 1976) . Therefore, the fungal strain, Fom142-S1 was classified as race 1,2 from the pathogenicity and further classified as race 1,2y from the yellowing symptoms of inoculated plants.
Resistance of wild Cucumis species to Fusarium oxysporum f. sp. melonis race 1,2y
The reactions to race 1,2y of wild Cucumis species are presented in (Table 2) . Among these species, a few highly susceptible (DI = 80-100) accessions were observed: one in C. africanus PI 299571 and three in C. anguria PI 364475, Ames 23536, Ames 23541 (Table 2) . By contrast, most accessions exhibited high susceptibility in C. dipsaceus, C. meeusei, C. pustulatus, and C. sagittatus. Among these species, no accession showed high resistance (Table 2) .
Discussion
Little information has been available related to the resistance of wild Cucumis species to F. oxysporum f. sp. melonis, especially for races 1,2y and 1,2w. Pan and More (1996) conducted artificial inoculations using six accessions belonging to four species (C. anguria, C. figarei, C. myriocarpus, C. zeyheri) and identified three accessions belonging to two species (C. figarei, C. zeyheri) that showed resistance; however, the race of these fungal strains was not identified. Álvarez et al. (2005) observed resistance to races 0, 1, and 2 in seven accessions belonging to six species (C. africanus, C. anguria, C. myriocarpus, C. metuliferus, C. prophetarum, C. zeyheri); however, resistance to races 1,2y and 1,2w was not observed. Trionfetti-Nisini et al. (2002) inoculated race 1,2w into C. ficifolius, C. metuliferus, and C. zeyheri accessions and observed the survival of C. metuliferus accessions after inoculation; however, it remains uncertain whether disease symptoms were present. This study evaluated 76 accessions of 11 wild Cucumis species for resistance to race 1,2y. Results showed that 34 accessions belonging to seven species showed high resistance (Table 2) ; therefore, the results of this study constitute the first reported information about genetic resources associated with high resistance to F. oxysporum f. sp. melonis race 1,2y.
In previous studies, these wild Cucumis species were also studied as a melon rootstock to prevent disease and pests. Sigüenza et al. (2005) reported that C. metuliferus might be used as a rootstock for melon to prevent nematode buildup. Igarashi et al. (1987) reported that although C. anguria was unsuitable for use as a melon rootstock because of its poor growth and fruit quality, C. metuliferus showed compatibility as a melon rootstock. However, it was necessary for the hypocotyl diameter of the rootstock to be larger than that of the scion to achieve a high rate of success of the cucurbit grafting (Davis et al., 2008) and in our previous study, the hypocotyl diameter of the wild Cucumis species was Table 1 . Pathogenicity of Fusarium oxysporum f. sp. melonis race and fungal strain Fom142-S1 for melon cultivars. smaller than those of melon cultivars (Matsumoto et al., 2009 ); therefore, it was suggested that their use in agriculture as rootstock is difficult. Because some wild Cucumis species have high resistance to race 1,2y, it would be valuable to study the use of wild Cucumis species as genetic resources of high resistance to race 1,2y. To date, few interspecific hybrids between melon and wild Cucumis species have been reported because of strong reproductive barriers (Beherav and Choen, 1995; Deakin et al., 1971; Fassuliotis, 1977; Kho et al., 1980; Fujishita, 1969, 1970; Singh and Yadava, 1984) ; however, some interspecific hybrids of genus Cucumis were obtained through embryo culture (Chen et al., 1997; Fassuliotis and Nelson, 1988; Skálová et al., 2008) . To introduce this high resistance to race 1,2y into melon cultivars, methods to overcome reproductive barriers in interspecific crosses between melon and wild Cucumis species, such as embryo cultures, should be investigated. x Means ± SE. Means were derived from two to three replications each. Disease index was calculated from the disease severity using the following formula: summation of (Disease severity × Number of plants in that disease severity) × 100/(3 × Number of total plants). w Replication number, 5-10 plants were investigated per replication.
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